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Screening, [solation & Characterization of Raw Starch Degrading Endophytic Fungi from Sago Trunk. 

Ramizah billti Kamailldill (32656) 
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Faculty of Resource Science and Technology 
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ABSTRACT 

The kingdom of life includes the fungi, one of the organ isms whic h have the ability to sy nthesize a 

variety of extracellular enzymes. There has been much interest among the researchers nowadays in 

enzyme capable of digesting raw starch granules. This project focllsed on the production of raw starch 

degrading enzyme (RSDE) from 10 newl y iso lated endophytic fungi strain from sago trunk and 

screened for the best endophytic fungi stra in that produced RSDE. The characterization were carried 

out and the strains were compared for their degradative ability by studies the important fermentation 

parameters such as pH, temperature, incubation peri ods and substrate concentration ll s ing liquid 

fermentation of raw sago starch. Results showed that an endophytic fungus I was the best performing 

strain that produces the highest amount of RSDE with (0.019 U/ml). This study also reveal that the 

endophytic fungi 1 best produce raw starch degrading enzyme of (0.0457 U/ml), at pH 5.0, 40°C, 

incubation periods on 4 days and 8% of substrate concentration. 

Keyword s: Endophytic fungi , raw starch-degrading ability, sago trunk, degrading acti vity . 

ABSTRAK 

Alam kehidupan termasuk kewujudan kula/, salah salU daripada Olganisma yang mempunyai 
keupayaan unluk mensintesis pelbagai enzim luar set. Para penyelidik pada masa kini lebih berminal 
dalal'll enzim mampu mencerna kanji menlah. Projek ini memberi lumpuan kepada penghasilan enzirn 
rnampu mensintesis kanji mentah, daripada 10 strain baru kulat endojitikyang diasingkan dari batallg 
sagu dan disaring untuk memilih strain kulat endojitik yang terbaik yang menghasilkan enzim mampu 
mencerna kanji mentah. Pencirian telah dijalankan dan strain telah dinilai keupayaan degradasi 
mereka dengan kajian parameter penting penapaian seperti pH, suhu, tempoh inkubasi dan kepekatan 
substrat menggunakan penapaian cecair kanji sagu mentah. Keputusan menunjukkan bahcrwa kulat 
endojitik J adalah strain yang lerbaik dalal'll menghasilkan jumlah rertinggi enzim mampu mensintesis 
kanji mentail dengan (0.OJ9 U/ml). Kajian ini juga mendedahkan bahawa kulat endojirik J 
menghasilkan enzim mampu mensintesis kanji mentah yang terbaik dengan (0.0457 Ulm!), pada pH 
5.0. 40"C, tempoh inkubasi selama 4 hari dan 8% daripada kepekalan substrat . 

Kata Kunci: kulat endojit, enzim mampu mensintesis kanji menlail. batang sagu, akliviti degradasi. 
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1.0 INTRODUCTION 


The rapid advancement in the development and application of modern biotechnology as well 

as in enzyme techJ1ology has lead to an immense utilization of micro bial enzyme in various 

enzyme applications (Aziz, 2002). Microorganisms are seen as a potential biotechl1ological 

source to stimulate the exploration of industrially relevant enzymes that aid in various 

enzymatic studies in these microorganisms (Alva el al., 2007). The demands of microbial 

enzymes are significantly increasing and more focused on the production of extracellular 

enzymes using microorganisms. Ex tracellular enzymes such as cellulose, amylase, pectinase 

and many other that possess high commercial values. Amylase is one of the important 

enzymes known to be high demand due to the apparent technological significance 3J1d 

economic benefits (Gupta et aI. , 2008). Amylase C3J1 be obtained from many different sources 

3J1d it is produced from various living organisms such as plant, animal 3J1d also 

microorg3J1ism. Basically, microorganisms are chosen for a major production of amylase due 

to their remarkable ability for massive production capacity as well as the easiest to manipulate 

microbes to acquire enzymes of desired characteristics (Kathiresan & Manivannan, 2006). 

Raw starch degrading enzymes (RSDE) is an enzyme that is used for hydrolysis of starch 

into glucose by the breakdown of the bonds between the simple glucose units which lead to 

the form ati on of linear and branched oli gosaccharides (Mamatha et al. , 2012). They can act 

below gelatinized temperature of starch by degrade directly on the raw starch granules. As 

mentioned by Tripathy et al. (201 1), RSDE is easily extracted from fungi sources as the 

fungal mycelium can be easily removed from the enzyme production medium. 
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The bioconversion of starch by using fungi RSDE has been applied in industrial processes as 

it has many advantages over the hydrol ys is of starch by chemical catalysts. It is economic 

benefits, less energy consumption, more time efficient and easy in the process of modification 

and optimization. As the result, many studies have been conducted in order to sc reen and 

characterize fungus which is capable to produce RSDE. 

In this project, the main focus is to screen and isolate the best raw starch degrading 

endophytic fungi from sago trunk. Besides that, the production of B.SDE was optimized by 

studying the effect of temperature, pH, incubation period and substrate using liquid 

fermentation. Therefore the specific objectives are to successfully: 

i) screen for the best endophytic fu ngi that produces RSDE. 

ii) perform liquid fermentation for production of RSDE by the se lec ted fungal isolate. 

iii) optimize the production of RSDE by studying the important fermentation 

parameters i.e. pH, temperature, incubation period & substrate concentration usi ng 

liquid fermentation of raw sago starch. 

The Research Rational: 

Many endophytic fungi is remain uninvestigated and most of the previous study conducted on 

the production of raw starch degrading enzyme (RSDE) by endophytic fungi isolated from 

so i I and not from the sago trunk. 

3 




2.0 LITERATURE REVIEW 

2.1 Endophytic Fungi 

The term 'endophyte ' (Gr. endon, within; phyton, plant) was first contrived by de Bary 

(1866). Endophytic fungi are the microorganisms that are present in living tissues of various 

plants, establishing mutual relationship without causing any symptom of diseases (Maheswari, 

2006). Endophytes are rich sources of bioactive metabolites, which have important potentials 

in medicine, agriculture and industries. 

2.2 Enzymes 

The enzyme has been known for over century. Enzymes are categorized as proteins. Enzymes 

have high molecular weight compounds build of chains of amino acids that are linked together 

by peptide bonds. The molecular weight of enzymes is estimated in the range of 10000 to 

2000000 and may be found in liquids, semi liquids or even dry form. Enzymes are naturally 

occurring and produced by cellular anabolism (Baker, 1999). Enzymes offer many advantages 

and basically it is much preferred over conventional chemical catalysts. Enzymes are crucial 

in conducting many metabolic processes in all living organisms. Enzymes can be derived 

from humans, animals, plants and as well as from microorganism. However, research proved 

that microbial enzymes dominated the market for hi gh commercial va lues of enzymes 

compared to others sources (Bechara, 2006). Furthermore, fungi are known to be the major 

producer of enzymes that are used to degrade complex polysaccharide and protein into 

simpler sugar and amino acids. 

4 
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2.3 Fungi producing RSDE 

RSDE can be obtained from various living organisms such as animal , plant and specially 

microorganism. Tripathy et al. (20 II ) stated that that RSDE is easi ly extracted from fungi 

sources as the fungal mycelium can be easily removed from the enzyme production medium. 

2.4 Starch 

Starch is ubiquitous and easily accessible source of energy. It is known that starches are a 

major carbohydrate source. Starch-degrading enzymes cleave glycosidic bonds in starch either 

from the nonreducing and (exo-acting enzymes) or in the interior (endo-acting enzymes) of 

the polymer. The a-amylases are endo-acting enzymes cleaving a-I, 4-glycosidic bonds in 

starch to form various maltooligosaccharides and maltodextrin (MacGregor et aI., 2001; van 

der Maarel et al., 2002). Generally, starch is known as an important inducer for the synthesis 

of amy lase from fungi. 

2.5 Raw Starch Degrading Enzymes (RSDE) 

Raw starch degrading enzymes (RSDE) refer to enzymes that can directly degrade raw starch 

granules below the gelatinization temperature of starch. These promising enzymes can 

significantly reduce energy and simplify the process in starch industry. RSDE are ubiquitous 

and produced by plants, animals, and microorganisms. The degrading enzyme produce by 

endophytic fungi is important in breaking down the organic matter. 

5 
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2.6 Amylase 

Amylases are one of the important enzymes applied in the starch process ing industries for the 

hydro lysis of polysaccharides such as starch into simpler sugar constituents (Reddy e l al. , 

2003). Aiyer (2005) mentioned amylase is also better known as starch degrad ing enzymes. 

Amylase digest complex molecule into simple molecule. Microbial amy lases could be 

potentially useful in the pharmaceuticals and fine chemicals industries if enzymes with 

suitable properties are prepared (Golmda & Elbahloul, 2008). 

2.7 Enzyme Assay 

Enzymes are proteins that catalyze biological reactions while assays des igned to detect 

enzymatic activity can also be used to screen for organisms that express that particular 

enzyme. Enzyme activities were assayed the day of extraction. Production of reducing sugar 

from starch was measured using the dinitrosalicylic acid reagent (Miller, 1959) representing 

the total amylolytic acti vity. 

2.8 Liquid Fermentation 

Production of industri al enzymes invo lved the use of liquid fermentation methods with 

specific quantity of product. These types of fermentation are suitable when specific 

compounds are to be considered as merchandise because product retrieval is conversely 

proportional to the concentration of broth in the fermentation medium (Aquilar el aI. , 2008). 

Hence, it holds a tremendous potential for the production of enzymes that are able to meet 

industrial demand. 
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3.0 MATERIALS AND METHODS 


3.1 Materials 

Raw sago starch, so luble starch and all the other chemicals and reagents were obta ined from 

Molecular Genetic Laboratory UNIMAS. 

3.2 Sources of endophytic fungi 

Endophytic fungi were iso lated from sago trunk previously maintained under the Molecular 

Genetic Laboratory Fungal Collection UNIMAS. 

3.3 Preparation of PDA I MEA media 

PDA I MEA powder was prepared in a conical flask with addition of distilled water and 0.5% 

of soluble starch to act as the inducer. The mixture was boiled using hot plate and magnetic 

stirrer to di ssolve the PDNMEA powder. The solution was autoclaved. The media was 

poured into the Petri dish, left to solidified, sealed with parafilm and stored in fridge until 

further use. 

3.4 Isolation, Subculture and Storage of Fungal Isolates 

The cultivated fungi were isolated using inoculum loop. Maintenance with the subculture of 

the fungi on PDA plates for three serial. Isolation and subculture of the fungi on PDA slant 

also was carried out. The uni versal bottle sto red at 4°C for further use. 

7 
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3.5 SCI'eening of endophytic fungi fOI' RSDE production 

3.5.1 Qualitative screening of endophytic fungi 

5 millimeters (mm) in diameter of plug from the isolated strain was grown in a MSM agar 

containing 2 g NaNO), 0.4 g yeast extract, 0.5 g KH2P04, 0.5 g KCI, 0.5 g MgSO.7H20 , 

0.0 I g FeS04 . 7H20, agar powder and with 1% (w/v) raw sago starch as carbon source. 

RSD ability was assessed by the formation of clear zone around the colonies when flooded 

with I % of iodine so lution after being cultivated for maximum of 3 days. After the media 

were loaded with iodine for a while then the mycelium of fungi were scrub off. The zones of 

inhibition around the colonies (clear zones) was measured and recorded. Then the positive 

endophytic fungi strain was further subjected to quantitative screening test. 

3.5.2 Quantitative screening of endophytic fungi 

2 plugs of fungi were transferred into 20 ml of broth medium. The broth medium containing 2 

g NaNO), 0.4 g yeast extract, 0.5 g KH2P04, 0.5 g KCI, 0.5 g MgS04 '7H20, 0.01 g FeSO • . 

7H20 and 109 raw sago starch in 1000 ml of deionized water. The raw sago starch was 

ster ili zed in a dry oven at 140°C for 60 minutes and then aseptically added into sterilized 

broth medium solution at 55°C and pH of the medium was adjusted to 4.5. A test tube 

contai ning 10 ml of the broth medium was inoculated with a piece of fungus taken from a 

stock slant and incubated at 2rC on rotary shaker at 152 rev/min for 3 days. Mycelia and 

residual starch granules were then removed by centri fugation at 10000 rpm for 20 min at 4°C. 

The culture was filtered through a muslin cloth and the enzyme fi ltrate was used as the crude 

enzyme. The amount of activity present in the crude enzyme was determined. 
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3.6 E nzyme Extraction 

In the extraction process, the whole fern1ented medium was filtered using muslin cloth. The 

content was centrifuged at 10000 rpm for 10 minutes at 4°C and then it was again filtered, the 

supernatant were collected. The fi ltrate or the supernatant were known as the crude enzyme. 

The extract was stored at 4°C for about two weeks. 

3.7 Enzyme Assay 

Enzyme activities were assayed the day of extraction. Production of reducing sugar from 

starch was measured using the dinitrosal icylic acid reagent representing the total arnylolytic 

activity using the methods of (Miller, 1959). The reaction was stopped by adding 3, 5

dinitrosalicyclic acid (DNS) so lution and boiled for 15 minutes. After cooling the Rochelle 

salt (40% sodium potassium tartarate) was added and the sample been mixed using vortex. 

Then it was measured at 540 nm against a blank using spectrophotometer. 

3.8 Glucose Standard Curve 

The stock solution contained I mg/ml of glucose. Five appropriate dilutions were prepared. 

Duplicate were also prepared for each dilution. Then it was measured at 540 nm against a 

blank using spectrophotometer (Refer Appendix A). 
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3.9 Optimization of RSDE production. 

The production of raw starch degrad ing enzyme was optimized by studying the important of 

fermentation parameters i.e.; pH, temperature , incubation periods and the concentration of 

substrate using liquid fermentation of raw sago starch. 

3.9.1 Effect of pH on RSDE production 

Effect of pH of the reacti on medium on hydrolysis of raw sago starch will be carried out in 0.1 

M acetate buffer. The reaction mixtures containing 0.5 ml of 1 % (w/v) raw sago starch in 

acetate buffer pH 4.5 , pH 5.0, pH 5.5, pH 6.0 and pH 6.5 with 0.5 ml of enzyme solutions was 

added and incubated at 37°C for I hours. The reaction was stopped by plac ing them in boiling 

water for 15 min. The filtrate s will be removed by centrifugation at 10000 rpm for 10 min at 

4oC. The amount of sugar was expressed as reducing sugar in the filtrate and was determined 

by the clinitrosalicylic acid method of Miller ( 1959). 

10 
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3.9.2 Effect of temperature on RSDE production 

Rate of production of RSDE was observed in different temperature; 28°C, 30°C, 40°C, 50°C 

and 60°C to identify the most suitable temperature for optimal production of RSDE. After 

incubate in different temperature for 2 days. The filtrates were removed by centri fugation at 

JOOOO rpm for 10 min at 4°C. Then 0.5 ml of reaction mixtures containing I % of raw sago 

starch in 0.1 M acetate buffer with 0.5 ml of enzyme solutions was added and incubated for I 

hour. The reactions will stop by placing them in boiling water for 15 min. The amount of 

sugar was expressed as reducing sugar in the filtrate and was determined by the 

dinitrosalicylic acid method of Miller (1959). 

3.9.3 Effect of incubation period on RSDE production 

The raw sago starch was incubated in a different period which is 2 days interval; day 0, day 2, 

day 4 day 6 and day 8 to studied the RSDE production. After incubate in different period. The 

filtrate was removed by centrifugation at 10000 rpm for 10 min at 4°C. Then 0.5 ml of 

reaction mixtures containing I % of raw sago starch in 0.1 M acetate buffer with 0.5 ml of 

enzyme solutions was added and incubated for I hour. The reaction was stopped by placing 

them in boiling water for IS min. The amount of sugar was expressed as reducing sugar in the 

filtrate and was determined by the dinitrosalicylic acid method of Miller (1959). 

11 
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3.9.4 Effect of substrate concentration on RSDE production 

The concentration of raw sago starch might affect the production of RSDE. The concentration 

of raw sago starch was adjusted to 1%, 2%, 4%, 6% and 8% for observe the production of 

RSDE. After incubate in di fferent substrate concentration, the filtrate was removed by 

centrifugation at 10000 rpm for 10 min at 4°C. Then 0.5 m1 of reaction mixtures containing 

1% of raw sago starch in 0. 1 M acetate buffer with 0.5 ml of enzyme solutions was added and 

incubated for 1 hour. The reaction was stopped by placing them in boiling water for 15 min. 

The amount of sugar was expressed as reducing sugar in the filtrate and was determined by 

the dinitrosalicy1ic acid method of Mi ller (1959). 

12 
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4.0 RESULTS 

4.1 Screening of endophytic fungi for RSDE production 

4.1.1 Qualitative screening of endophytic fungi 

Table below show the result for formation of clear zones (cm) in MSM agar plate when it was 

loaded with iodine solution and the mycelium of the fungi was scrub off. The inoculate size 

fo r all fungi were kept constant 5mm in diameter. Endophytic fungi 1, 3 and 6 are fast 

growing fungi. Endophytic fungi I show the widest clear zone compared to others. The 

qualitative test were conducted to observe whether all the 10 newly isolated strain is positive 

or not in producing the raw starch degrading enzyme. It has confirmed that all the 10 strain 

can produce raw starch degrading enzyme. Hence it was further subjected to quantitative test. 

Table I : Screening of 10 different endophytic fungi isolates for RSDE production. 

ENDOPHYTIC FUNGI FORMATION OF CLEAR ZONE (CM) 

1 ±8.0 

Z ±1.8 

3 ±Z.3 

4 ±1.5 

5 ±I.7 

6 ±1.6 

7 ±I.Z 

8 
-

±1.4 

9 ±1.0 

10 ±1.6 
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4.1.2 Quantitative screening of endophytic fungi 

After the qualitative test show a positive result, then it was proceed with quantitative assay. 

The production of enzyme by all the endophytic fungi st rain was detelmined on day 3 of 

growth at 27°C. All rates the strain produced enzyme at different (Figure 2). Production of 

enzyme by endophytic fungi 3 and 4 are same with activity (0.014 U/ml) while endophytic 

fung i 5 were slightly delayed in enzyme production with activity (0.013 U/ml). Other 

endophytic fungi rate of production is moderate. Basically, all the rate of production is not 

that different but still endophytic fungi I inhibit the maximum production with activity value 

(0.019 Ulml). 

Table 2: Quantitative screening on RSDE production 

J<..NUUYH Y ilL FUNGI I ENZYME ACTIVITY (U/ml) 

T III 
2 ± 0016 

3 ±0.014 

4 ±0.0 14 

5 ±0.013 

6 ±0017 

7 ±O.015 

8 ±0.O 17 

9 ±0.016 

10 ±0.014 

15 


, . -

i~ 


